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Chemical analysesAbstract In the present study, integrated remote sensing, geological and geochemical analyses pro-
vided three iron ore localities promising for iron mineralization namely; Kom-Ombo (area 1)
Aswan (area 2) and Lake Naser (area 3). They are found in variable altitudes at different topogra-
phies in the post Nubia sandstones (Timsah formation) at Wadi El Kharit, Wadi El Aweirsha, Wadi
Beida and Umm Huqban. Three types of iron-ore have been distinguished in the provided areas; (1)
Ferruginous sandstone iron-ore, (2) Oolitic iron-ore and (3) Ferruginous concretion iron-ore. Fe2O3
content in the Ferruginous sandstones reaches up to 70.46%. In the Oolitic iron-ore the Fe2O3 con-
tent attains 54.24%. The Ferruginous concretions displayed an Fe2O3 content up to 63.2%. The
iron concentration grade (density color degree) revealed by Landsat 8 agrees with the results of
geochemical analyses.
This conﬁrms the use and advantage of integrating remote sensing and ﬁeld veriﬁcations with the
geochemical analyses in prospecting iron-ore deposits in the Arabo Nubian Shield and similar arid
regions.
Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
The study area is located between latitudes 23–23 450N and
longitudes 33000–34300E, forming moderate to high relief
(Fig. 1). The Nubia Formation east of Aswan embraces all
the non-marine to marginal and shallow marine siliciclastics
exposed in the Nubia area. This is where iron oxides are com-
mon constituents in the Nubian sandstone rocks of the area.
Conoco map (1987) described the Nubia sandstone succession
as represented by the Abu Aggag, Timsah, Umm Brammilyand Quseir Formations of the Upper Cretaceous age. The iron
ore found in the east of Aswan is considered by Hussein (1990)
to have been formed under lacustrine conditions, during the
deposition of Senonian sediments.
Landsat ETM data have been used by many authors e.g.,
(Abrams et al., 1983; Kaufmann, 1988; Bhattacharya et al.,
1993; Ammar et al., 1993; Aiken et al., 1997; Tangestani and
Moore, 2001; Ramadan and Sultan, 2004) to locate areas of
iron oxides and/or hydrous minerals in arid and semi-arid
environments. Sabins (1997) produced an ETM+ band-ratio
3/1 by dividing the digital number (DN) of the two bands to
yield an image that enhances spectral differences and reduces
the effect of topography. Salem et al. (2013) studied the area
west of Lake Naser area using ETM+ images and suggested
three areas of iron ore potentiality at Kurkur, Abu Simbil
Figure 1 Location map of the study area (up left), its main geologic topographic and iron ore localities illustrated on Landsat 8 false
color bands 7,4,2.
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area). In the study area, the geomorphology has widely con-
trolled the hydrological development in the Nile system affect-
ing the contemporaneous water resources management (El
Bastawesy et al., 2010, 2013).
The geological and topographical characteristics of the
study area as well as the impacts of the external factors made
the area a suitable geological environment for iron accumula-
tions and occurrences and hence encouragement for iron
exploration.
The aim of the present study is to explore and locate iron-
ore deposits and their mineral potentialities in the western part
of the South Eastern Desert of Egypt.2. Geological setting
In the study area, Phanerozoic sedimentary rocks are uncon-
formably overlying Precambrian assemblages. Basement rocks
include island arc metasediments and metavolcanics set over
an oceanic crust. The gneisses form the oldest Precambrian
units that occur as highly fractured hills of granite gneiss,
schist and amphibolites. Old granite intrusions of gneissic
tonalite-granodiorite intruded into the surrounding rocks. In
the intrusive contacts of the old granites with and metavol-
canics there are several plutons of young granites forming ther-
mal aureoles along the contacts with these rocks. Abu Khruqring complex composed of syenites, syenogranites, trachyte
and nepheline–syenites occurred affected by the post Nubian
faulting which causes local blocking in a series of
Cretaceous–Tertiary sediments and minor volcanism extru-
sions associated with this faulting. Young Natash volcanics
of Tertiary age exposed in Wadi Natash (the type locality)
associated with mineral rich hydrothermal solutions are dis-
tributed in the NE–SW direction according to the structural
control.
The sedimentary cover in the study area revealed domi-
nance of Upper Cretaceous Nubia sandstone succession con-
sisting of sandstones, siltstones and shale forming suitable
environment for iron ore occurrences. The Nubia sandstones
arranged from oldest to youngest as follows; Abu Simbil
Formation (Fm) (Upper Jurassic), Lake Nasser Fm, El Burg
Fm (Lower Cretaceous), Abu Aggag Fm, Timsah Fm, Umm
Brammily Fm, Quseir Fm overlained by Quaternary deposits
and sand sheets. Abu Simbil and Lake Nasser Fm are mainly
widespread in the Lake Naser area, unconformably overlain by
El Burg Fm. Abu Aggag Fm covers the western part of Garara
grabben forming Gabal Abu Hashim and surroundings,
extended NW–SE trend in a structural contact with metasedi-
ments. It consists of horizontal beds including ﬂuvial deposits
with cross-bedded ferruginous sandstones, ripple-laminated
sandstone, lenticular sand bodies and channel ﬁlls and local
paleosols. Timsah Fm was outcropped in Garara graben, bor-
dered on the eastern side by metasediments and on the western
Figure 2 Geological map of East Aswan area, after EGSMA (1996).
Table 1 Landsat 8 consists of 9 spectral bands in VNIR and SWIR spectral range with spatial resolution 30 and 2 bands in TIR with
90 m spatial resolution.
Bands Wavelength (micrometers) Resolution (meters)
Landsat 8 Operational Land Imager (OLI) and
Thermal Infrared Sensor (TIRS) Launched
February 11, 2013
Band 1–Coastal aerosol 0.43–0.45 30
Band 2–Blue 0.45–0.51 30
Band 3– Green 0.53–0.59 30
Band 4–Red 0.64–0.67 30
Band 5–Near Infrared (NIR) 0.85–0.88 30
Band 6–SWIR 1 1.57–1.65 30
Band 7–SWIR 2 2.11–2.29 30
Band 8–Panchromatic 0.50–0.68 15
Band 9–Cirrus 1.36–1.38 30
Band 10–Thermal Infrared (TIRS) 1 10.60–11.19 100
Band 11–Thermal Infrared (TIRS) 2 11.50–12.51 100
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study area consisting of ﬂuviatile near-shore marine and eolian
ferruginated sandstone beds with interbedded channel and soil
deposits. Umm Brammily Fm overlies Abu Aggag Fm in the
northwestern part of the grabben covering a broad area southFigure 3 PC2 and PC3 of Landsat 8 providing the iron distribution a
lots of Wadi deposits and the tarnish desert are shaded in yellow colo
Figure 4 Landsat 8 image ratios (4/2, 5/7, 5/4) in RGB recognizedand east of the Atmour Nugra depression composed of ﬂuvi-
atile sandstone, becoming more marine toward the north.
Quseir Fm covers a wide area north of Atmour Nugra depres-
sion with elevation varying from 280 m north of the Atmour
Nugra depression and reaching up to 425 m in the northernnd concentration at Kom-Ombo-Aswan (area1 and area 2). Note:
r reﬂecting high iron concentration.
the distribution of iron ore (red-yellow color range) in area 1.
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(variegated) shale, siltstone, and ﬂaggy sandstone, EGSMA
map (1996) (Fig. 2).
The study area occurred by NW–SE structural graben
extends from the north of Aswan to the Red Sea coast associ-
ated with deep seated NW-SE faults. NW-SE, NE-SW, WNW-
ESE and NNE–SSW structural sets traversed the exposed rock
units in the area through major tectonic movements eg;
Precambrian to Rephian (pre-Nubia) structures on the base-
ment rocks., Cretaceous (Nubia structures) and Tertiary
(Post-Nubia structure).3. Materials and methodology
This study has been performed using an integrated approach
combining various data sets; namely ETM+, Landsat 8, geo-
logical maps, ﬁeld geology and geochemical analyses.
3.1. Remote sensing
3.1.1. Data analysis
Landsat 8 image, acquired on 19 February 2013 (path/row:
174/44) was downloaded from the U.S. Geological Survey site
(http://landsat.usgs.gov)of the United States in TIFF format
covering the study area. Landsat 8 consists of 9 spectral bands
in VNIR and SWIR spectral ranges with spatial resolution 30
and 2 bands in TIR with 90 m spatial resolution ofFigure 5 Band ratios (4/2, 5/4, 5/7) in RGB show the maximum iron
color increases toward the east along Wadis (area 2).approximate scene size 170 km north–south by 183 km east–
west (106 mi by 114 mi) (Table 1). The Landsat 8 data were
pre-processed for geometric, radiometric and atmospheric cor-
rection and then UTM geo-referenced using ARC-GIS10 soft-
ware which includes the application of pre-deﬁned models to
reduce the effect of the earth’s rotation. The images were then
enhanced to improve the appearance of the image features before
undertaking band combinations in red, green and blue (RGB).
Some techniques have been used for iron ore mapping in
the study area. The methodologies are based on the mineral
composite using Landsat ETM+ and Landsat 8, e.g., (1)
False color Composite (FCC) a helpful method for clarifying
the lithological discrimination, regional lineaments and struc-
tural pattern. (2) Principal Component Analyses (PCAs) to pro-
duce uncorrelated output bands, segregate the noise
components and to reduce the dimensionality of data sets in
the way of showing iron ore concentrations, (3) band ratio
methods have been used for exploring the iron ore rich locali-
ties separating them from the host rocks and creating an iron
index map, (Crosta and Filho, 2003; Kargi, 2007; Massironi
et al., 2008; Moore et al., 2008; Tangestani et al., 2008;
Amer and Kusky, 2010; Pour and Hashim, 2011, 2012a,b,
2013; Hashim et al., 2011). Several band ratios of
ETM+ and Landsat 8 have been experimented for ﬁnding
the efﬁcient ones in iron exploration. The band ratio (3/1) of
ETM+ and band ratios (5/7, 5/4, 4/2) and (5/7, 4/5, 4/2) of
Landsat 8 have been used with best results for iron ore detec-
tion in the study area.(red color) and minimum iron (yellow). Note: the maximum red
Figure 6 Landsat 8 band ratios (4/2, 5/7, 5/4) in RGB for iron
ore distribution and concentrations in area 3, (deep red color for
high iron and yellow color for low iron).
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Based on remotely-sensed results and interpretation of geolog-
ical maps eg., Conco (1987), and Unesco map (2006) as well as
topographic sheets of scale 1:100,000, an intensive geological
ﬁeld work to validate results given by remote sensing was per-
formed during the current study. Samples from rock varieties
in the study areas were collected for analytical techniques.
3.3. Analytical techniques
Mineralogical study for the selected samples from the iron
detected zones has been carried out at the Department ofMineralogical Investigation of the Egyptian Mineral
Resources Authority (EMRA) to determine the mineralogical
composition of such zones. Geochemical analyses were carried
out with the same samples for iron, silica and manganese oxide
estimation in the study area, where twenty ferruginous iron-
ore, twenty-ﬁve Oolitic iron-ore, and twenty ferruginous con-
cretion iron-ore samples were chemically analyzed for that
purpose.
4. Results
4.1. Interpretation of the processed Landsat 8
4.1.1. False color Composite (FCC)
The FCC on the Landsat 8 bands (7, 5, 3) of the study area
highlighted the geological and lineament features and provided
lithological discrimination between basement and sedimentary
rocks in which basement rocks in the eastern part of the study
area appear as bright colors of dark brown and pale blue,
while sedimentary rocks appear as dull pale yellow and green-
ish brown color (Fig. 1).
4.1.2. Principal Component Analyses (PCA)
Applying of PC2 and PC3 on Landsat 8 for Kom-Ombo-
Aswan (areas1and2) shows a wide range of color reﬂecting
the iron ore distribution and concentrations at the different
sedimentary physiographic features in which the maximum
iron concentrations appear as yellow and the minimum iron
concentrations are of deep brown color (Fig. 3).
4.1.3. Band ratio images
The use of band ratios (4/2, 5/7, 5/4) and (4/2, 5/7, 4/5) of
Landsat 8 as red, green, blue, respectively, helped in recogniz-
ing the distribution and concentrations of the iron ore in the
study area where; In Kom-Ombo area 1, the band ratios (4/2,
5/7, 5/4) deﬁned the iron by red, pale red and yellow color
range (Fig. 4). In Aswan area 2, the band ratios (5/7, 5/4,
4/2) as red, green, blue, respectively displayed the iron ore in
red, pale red and yellow colors where the maximum iron (red
color) and the minimum (yellow) (Fig. 5). In Lake Naser area
3, the band ratios (5/7, 4/5, 4/2) proved the presence of iron in
the east and southeast areas seen in red-pale red-yellow colors
where the max. iron (red color) and the min. (yellow) (Fig. 6).
4.2. Interpretation of the ﬁeld geology
4.2.1. Iron ore description
The ﬁeld geology study identiﬁed three areas 1, 2 and 3 with
different forms of iron-ore deposits located in the same image
locations which is interpreted using Landsat 8 band ratios and
topographic maps. Occurrences and distribution of the iron
ore types are controlled by the lithostatigraphy and morpho-
tectonics. These types are; Ferruginous sandstones, Oolitic
iron-ore and Ferruginous concretions iron-ore.
Ferruginous sandstone occurred and was distributed in the
lower parts of Timsah Fm which was composed of ﬂuviatile
near-shore marine and locally eolian ﬁne-to medium-grained
sandstone with interbedded channel and soil deposits. Iron
ore was found as inliers and caps and in the paleosole surfaces
of the Nubian sandstone beds, forming hematite and goethite
Figure 7 Ferruginous sandstone iron ore illustrations. (a) Ferruginous sandstone thin beds in Wadi Timsah hill. (b) Paleosole surface
rich in iron oxides in the Nubian sandstone beds, Wadi Anid. (c) Ferruginous sandstone cracked beds hand specimen (hs). (d) Ferruginous
sandstone hs. (e) Limonite rich ferruginous sandstone hs. (f) Ferruginous sandstone with calcite and Gebsite.
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Gabal Timsah, Wadi Timsah and Wadi Anid (Fig. 7a and b).
The iron ore is syn-genetic bedded of Senomanian age, formed
under lacustrine environment. The gangue minerals associated
with the iron ore deposits include quartz, gypsum, glauconite,
and clay minerals. The hand specimens exhibit ﬁne bedding
and plugs in red and brown to black colors including limonite
patches in yellow color (Fig. 7c–f).
Oolitic iron-ore is the more dominant, most important and
valuable iron ore type in the study district in spite of its low
content of the Fe2O3 relative to the other types. It is found
as compact beds vary in thicknesses from 1–3 m. distributed
and alternated through the upper parts of the Temsah Fm in
Gabal Abu Hashim, Gabal Nugur and Gabal Naag areas of
dark-red, Oolitic hematite (Fig. 8a). The oolites are cementedby pure amorphous haematitic material and ferruginous silica;
therefore the iron-content of the matrix is less than that of
oolites.
In the hand specimens, the Oolitic hematitic grains are
easily seen by the naked eye varying in sizes in different spec-
imens and even in the same specimen (Fig. 8b–d).
The Ferruginous concretion iron-ore form hard compact
masses of concretion beds and substratum rich in iron-ore,
found as ferric-duricrust surfaces between isolated Nubia
sandstone hills and mountains through Wadis Timsah,
Quffa, Anid, Umm Udi and Abu Aggag (Fig. 9a,b). The
ferric-duricrust beds formed from fragments accumulation of
ferruginous sandstone, Oolitic iron-ore and ferruginous con-
cretions which was already formed due to the action of surface
water on the valleys ﬂoor (in wadi ﬁll). The thicknesses of the
Figure 8 The Oolitic iron-ore illustrations. (a) General view, Gabal Abu Hashim. (b) Spherical Oolitic grains hs. (c) Oolitic hematitic
glauconitic coarse grains hs. (d) Hematitic rich Oolites hs.
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outlines formed by precipitations from aqueous solution in
porous sedimentary rocks. Due to the denudation of the sand-
stone containing haematite concretions and owing to their
resistance to weathering, they were often seen accumulating
in great quantities in places on the ground surface giving it
black and red colors. In the hand specimens, the concretions
show hematite- goethite rich grain aggregations cemented in
coarse grained matrix of black and brown color s (Fig. 9c–f).
4.3. Interpretation of the analytical techniques
4.3.1. Result of geochemical analysis
The chemical analysis of the ferruginous sandstone ore esti-
mated appreciable amounts of iron oxides and total iron and
associated metals in the detected localities. In which the
Fe2O3 content reaches up to 70.4% with total Fe 49.2%,
SiO2 ranges from 9.5% to 85.1% in a reverse relation with
Fe2O3, P2O5 vary from 0.01% to 1.2% with rare amounts of
S and MnO as shown in Table 1. The estimated Fe2O3 in the
Oolitic iron-ore reaches up to 54.24% with total Fe 37.94%,
SiO2 ranges from 13.35% to 58.9%, P2O5 reaches up to
2.9%, S up to 0.5% and MnO up to 1.03%, (Table 2). The
Ferruginous concretions iron-ore resulted in Fe2O3 up to
63.2% with total Fe 44.2%, SiO2 ranges from 9.3% to
95.3%, P2O5 up to 2.9%, including trace and minor S and
MnO contents, (Table 3).5. Discussion
The study area is a suitable environment for iron ore occur-
rences due to the following reasons. (1) Presence of huge
Nubia sandstone rocks which formed from the compilations
and accumulation of old rock fragments and deposits includ-
ing iron. (2) The aquatic marine environment present in the
study area is suitable for leaching, precipitating and deposition
of iron oxides from the iron rich solutions in the sandstone ter-
rain as hematite and limonite. (3) Varied topography between
the basement and sedimentary rocks traced by intermountain
substratum and basins are suitable for collection and catch-
ment of different debris, rock fragments, slags, and wadi
deposits with iron constituents. These factors motivated us
to study the surface geology of this area exploring and locating
the iron ore deposits through the exposed rocks and
landforms.
The marine encroachments in the Cretaceous part of the
study area attained N–S to SE directions forming deposi-
tional basins (Issawi, 1981). Iron ore in the east of Aswan
is considered by (Hussein, 1990) to have been formed under
lacustrine conditions, during the deposition of Senomanian
sediments. The sedimentary iron deposits are invariably
conﬁned to the middle series of the Nubian sandstone
formations which lie unconformably on the basement rocks.
The iron oxide bands are often associated to ferruginous
sandstones and clays. Transitions from ferruginous sandstone
Figure 9 The Ferruginous concretion iron-ore illustrations. (a) Ferric-duricrust surfaces of ferruginous concretion and substratum in
Wadi Quffa. (b) Hard compact masses of ferruginous concretion beds. (c) Fine intersected beds in Ferruginous concretion in Wadi
Timsah. (d) Hematite-goethite coarse grained in Ferruginous concretion hs. (e) Blocky Ferruginous concretion hs. (f) Gebsite, and clay
minerals in Ferruginous concretion hs.
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and Smith (2009).
In this study remote sensing techniques, ﬁeld geology and
geochemical analyses have been used in iron ore mapping
revealing the distribution and concentration of iron through
country rocks in the study area. Work on ﬁeld geology located
the iron ore in the same location in the image provided by
Landsat 8 after using the techniques described above.
Chemically analyzed samples show that iron contents coincide
with the concentration grade (density color degree) provided
by the satellite image (Table 4).Landsat 8 Satellite images prove to be a powerful tool in
the initial steps of mineral exploration because they provide
high accuracy data that can be used as a basis for mapping
the surface distribution of certain minerals. In this way they
facilitate estimation of iron ore potentiality areas. This should
reduce the time and cost required for ﬁeld exploration and
evaluation.
The Oolitic iron-ore shows P2O5 and S contents exist in rel-
atively higher proportions than in the ferruginous sandstone
and ferruginous concretions. This is due to the particular
bioactivity in the marine environment of formation of the
Table 2 Chemical analysis of some minerals of the Ferrug-
inous sandstone iron-ore in%.
S. No Fe2O3 Fe SiO2 P2O5 S MnO
1 51.6 36.1 33.25 0.05 Nil 0.07
2 7.6 5.3 85.1 0.22 Nil 0.75
3 53.2 37.2 27.8 0.03 Nil 0.7
4 52 36.4 36.9 0.12 0.02 0.05
5 22.5 15.4 66.7 0.08 Nil 0.02
6 34 23.8 43.5 0.14 Nil 0.12
7 40 28 50.8 0.01 Nil 0.03
8 45.6 31.9 29.6 0.04 Trace 0.03
9 24.8 17.4 64.1 0.06 Trace 0.84
10 68.1 47.6 11.9 0.01 Trace 1.35
11 70.46 49.29 9.5 0.08 0.09 0.13
12 30 21 63.2 0.09 Nil 0.06
13 43.2 30.2 49.4 0.02 Nil 0.13
14 20 14 70.3 1.20 Nil 0.02
15 53.6 37.5 35.5 0.06 Nil 0.9
16 63.2 44.2 24.3 0.27 Nil 0.26
17 46 32.2 41.4 0.04 Trace 0.09
18 31.2 21.8 65.9 0.64 0.88 1.3
19 58.80 41.43 34.22 0.48 0.01 0.09
20 52.24 36.54 31.08 0.22 1.30 0.09
Table 3 Chemical analysis of some minerals of the Oolitic
iron-ore in%.
S. No Fe2O3 Fe SiO2 P2O5 S MnO
1 54.24 37.94 26.32 0.83 0.01 0.02
2 31.04 21.74 45.42 1.66 0.01 0.04
3 44.62 31.21 38.06 1.83 0.07 0.06
4 39.96 27.95 50.24 1.58 Trace 0.01
5 40.66 28.44 43.82 0.2 0.02 0.01
6 32.00 22.38 53.82 0.45 0.08 0.02
7 49.88 34.89 40.74 1.66 0.05 0.04
8 33.00 23.08 58.94 2.82 0.02 0.02
9 42.82 29.95 40.06 0.91 0.01 0.01
10 30.06 21.03 56.3 2.99 Nil 1.03
11 50.64 35.42 41.28 1.26 0.01 0.02
12 43.00 30.08 47.32 0.3 0.04 0.01
13 31.64 22.13 58.56 1.12 0.05 0.04
14 36.90 25.81 51.1 0.3 0.04 0.02
15 46.42 32.47 37.62 1.62 0.01 0.02
16 34.31 24.01 47.5 1.2 0.08 0.03
17 33.28 23.17 55.94 1.6 0.02 0.01
18 53.91 37.03 16.39 0.25 0.03 0.01
19 43.52 30.05 13.35 0.55 0.07 0.01
20 29.2 20.47 58.7 0.87 0.03 0.42
21 35.6 24.97 53.7 Nil 0.08 0.13
22 21.3 14.91 53.38 0.71 Trace 0.12
23 51.02 35.69 32.58 0.86 Trace Nill
24 36.28 24.17 19.94 0.74 0.04 0.07
25 43.01 30.09 39.78 0.80 0.5 0.11
Table 4 Chemical analysis of some minerals of the Ferrug-
inous concretions iron-ore in%.
S. No Fe2O3 Fe SiO2 P2O5 S MnO
1 31.6 22.1 54.6 1.53 Trace 0.22
2 30.0 21.0 63.2 0.30 Nil 0.09
3 43.2 30.2 49.4 1.12 Nil 0.13
4 20.0 14.0 70.3 0.30 Nil 0.07
5 53.6 37.5 35.5 1.62 Nil 0.12
6 63.2 44.2 24.3 1.20 Nil 0.17
7 46.0 32.2 41.4 1.60 Trace 0.11
8 2.8 2.0 95.3 0.25 Nil 0.63
9 31.2 21.8 65.9 0.55 0.88 1.01
10 58.8 41.43 34.22 Nil 0.01 0.37
11 52.24 36.54 31.08 0.30 0.30 0.42
12 35.00 24.00 47.50 0.27 0.08 0.09
13 42.50 29.29 9.50 1.26 0.09 1.03
14 54.11 37.86 16.39 2.91 0.03 1.30
15 49.48 34.44 13.35 0.64 0.07 0.90
16 29.92 20.47 58.70 0.91 0.03 0.09
17 35.96 24.97 53.70 0.48 0.08 0.07
18 52.02 35.69 32.58 0.86 Trace 0.09
19 50.4 44.59 19.94 0.74 0.04 1.44
20 42.27 30.09 39.78 0.80 0.50 0.18
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the low pH exhibited by the leaching solutions, which dis-
solved the slightly basic iron with small amounts of strongly
acidic manganese. In spite of the less contents of
Fe2O3 = 54.24 and Fe = 37.94 in the Ooloitic iron ore relative
to the other ore types, it is considered as an important type dueto its dominance and distribution in the study district, as well
as the deﬁciency in silica and MnO add a promise potential to
the Ooloitic iron ore.
The given iron ore types have been arranged in order of
their concentrations in the interpreted localities as; High con-
centration (H), Medium concentration (M) and Low concen-
tration (L) see Table 5. The geochemical analyses of the
different iron ore forms show deﬁnitely a random relation
between Fe2O3, P2O5, S and MnO contents, while Fe2O3 and
SiO2 contents found in a reverse proportion as Fe2O3 increases
at the expense of the SiO2, (Tables 1–3) See (Table 6).
6. Conclusion
Three areas for iron ore potentiality and mineralization have
been identiﬁed as a result of integrated remotely sensed data
and ﬁeld geology as well as geochemical analyses. In Kom-
Ombo, (area 1), the iron ores occur as inliers and cap rock-
shaped on the isolated hills and mountains. The iron ores in
Aswan (area 2) cover Wadi ﬂoors especially Wadi Temsah,
in Lake Naser (area 3). Iron ores are found as cap rock-
shaped and in the Wadi ﬂoors. Iron ores are mainly restricted
to the Timsah formation which occurs at Wadi El Kharit,
Wadi El Aweirsha, Wadi Beida and Umm Huqban (Fig. 1).
Different Image processing approaches of Landsat 8
proved to be useful in surface mapping of iron rich localities
and geomorphotectonic features that controlled the iron ore
occurrences, distribution and concentration.
Ferruginous sandstone iron-ore estimated Fe2O3 content
up to 70.4% with total Fe of 49.2%. In the Oolitic iron-ore
Fe2O3 reaches up to 54.24% with total Fe 37.94%,
Ferruginous concretions resulted in Fe2O3 up to 63.2% with
total Fe of 44.2. The intensive ferrugination in the studied
region support that it is a promising target for detailed iron
ore exploration.
Table 5 Correlation between the Landsat 8 data and the chemical analysis of the iron-ore in the detected localities in the South
Eastern Desert, Egypt.
Iron-ore description ETM+ data Chemical data
Ferruginous Nubia sand stone iron oxides High density color on Landsat 8 band ratios
(5/7, 5/4, 4/2)
High Fe2O3, 70.46%, Fe = 49.29%
Medium density color Medium Fe2O3, 45.6%,
Fe%= 31.9%
Low density color Low Fe2O3, 20.0%, Fe = 14%
The Oolitic iron-ore High density color band ratios (5/7, 5/4, 4/2) of
Landsat 8 and 3/1 of ETM+
High Fe2O3, 54.24%, Fe = 37. 94%
Medium density color Medium Fe2O3, 36.90%,
Fe%= 25.81%
Low density color Low Fe2O3 21.3%, Fe%= 14.91
Ferruginous concretions iron-ore in
substratum
High density color band ratios (5/7, 4/5, 4/2) of
Landsat 8
and 3/1 of ETM+
High Fe2O3 up to 63.2%,
Fe%= 44.2%
Medium density color Medium Fe2O3% 35.00, Fe%= 24.00
Low density color Low Fe2O3 2.8%, Fe = 2.0%
Table 6 Interpreted localities and order of iron types (forms).
Order of iron ore concentration iron
ore type
High iron ore concentration (H) Medium iron ore
concentration (M)
Low iron ore concentration (L)
Ferruginous Nubia sand stone (F) Area 1, Wadi Natach
Area 2, Wadis El Timsah
Area 3, north west El Madiq &
Wadi Gabgaba
Area 2, Gabal Timsah
Gabal Abu Hashim
Area 2 Wadi Garara
Oolitic iron-ore (O) Area 3 South Wadi Allaqi Area 3 South Wadi Allaqi Area 2 Scattered points in Wadi
El Kharit
Ferruginous concretions iron-ore in
substratum (C)
Area 1 Wadi El Kharit
Area 2 Wadi El Temsah
Area 2 North Gabal El
Temsah
Area 1 Scattered points in Wadi
El Kharit
Iron ore prospection East Aswan Region, Egypt, using remote sensing techniques 205Further detailed geological ﬁeld work on the basis and con-
tribution of remote sensing techniques and geochemical analy-
ses are recommended.
Finally, the area has signiﬁcant potential for surface–sub-
surface iron and water supplies with availability of sustainable
development.
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